Background: The 12 tumor markers' (TMs) biochip diagnostic (C12) system has been proven useful in some previous studies but its value for colorectal cancer (CRC) only was not systematically investigated. Aims: To evaluate the value of C12 system for CRC. Settings and Design: The associations between TMs and clinicopathological characteristics were evaluated. The most relevant TMs, the most useful combinations, and the correlations between TM levels were assessed. Materials and Methods: The TMs detected by the C12 system in the sera of 170 pathologically confirmed CRC patients were analyzed. One or more TMs higher than or equal to reference value were defined as positive. Statistical Analysis: Chi-square test, Spearman rank correlation test and Receiver-operating characteristic (ROC) curves were used for the analysis. Results: The overall positive rate was 41.76%, and was low in stage 0-Ⅰ(12.90%). Carcinoembryonic cantigen (CEA) had the highest positive rate of 36.47%. The positive rates were significantly correlated to clinical stages and lymph node status, but not to age, sex, tumor location and pathological types. Any combinations of the five highest positive TMs did not have significantly improvements. The levels of three most related TMs (CEA, CA19-9, CA242) of CRC had positive correlation with each other. CA242 and β-HCG levels were associated with lymph node metastasis. Conclusions: C12 system has some value in advanced CRC, but not in early CRC.
olorectal cancer (CRC) is the third most common malignant tumor in the world. [1] In China, CRC is the fifth most common malignancy, and with changes in disease spectrum and diet structures, the incidence of CRC has been steadily increasing, especially in urban areas, making it one of the key diseases in China's anti-cancer campaign. [2] Tumor markers (TMs) play an important role in the diagnosis, prognosis, treatment selection and monitoring of cancer. [3] However, the sensitivity of TMs for early diagnosis needs to be improved, [4] especially in CRC. [5] A combination of several TMs appears to be a promising strategy for improving the diagnosis. [4] In an effort to improve the screening and early diagnosis, a 12-TM protein chip system (C12) was developed in China, [6] which covers a wide range of common tumors, including CRC. The C12 system detects 12 common TMs in the serum, including cancer antigen 125 (CA125), cancer antigen 15-3 (CA15-3), cancer antigen 19-9 (CA19-9), cancer antigen 242 (CA242), carcinoembryonic cantigen (CEA), alpha fetoprotein (AFP), prostate specific antigen (PSA), free prostate specific cantigen (Fr-PSA), human growth hormone (HGH), β-human chorionic gonadotropin (β-HCG), neuron-specific enolase (NSE) and ferritin. This system has been tested in some relatively large-scale studies on a variety of cancers, [7] [8] [9] but up to now, no systematic experience in using such a biochip system exclusively for the diagnosis of CRC has ever been reported. This study was to conduct a systemic evaluation of this system on 170 consecutive CRC patients.
Blood sample collection and detection of serum tumor markers Three milliliters of fasting blood was taken from each patient in the next morning following admission, and the serum was separated for the detection of TMs using the C12 biochip system according to the manufacturer's instruction (Shanghai HealthDigit Co., Ltd. Shanghai, China).
Statistical analysis
The positive rates of TMs were calculated, and the associations between positive rates of TMs and clinicopathological characteristics were assessed with the Chi-square test. Preliminary descriptive statistics revealed that the distribution of 12 TMs' levels did not follow a normal distribution. Consequently, the correlation between serum levels of various markers was assessed with the Spearman rank correlation test. Receiver-operating characteristic (ROC) curves were used to evaluate the serum TMs levels between patients with lymph node metastasis and without metastasis, and the area under the curve (AUC) values were determined. Statistical analyses were performed using SPSS 13.0 software (SPSS Inc. Chicago, IL) and P values of less than 0.05 were considered statistically significant.
Results

Main clinicopathological characteristics of 170 CRC patients
As shown in Table 1 , the ratio of male to female was nearly 2 to 1 and more than half of the patients were less than 60 years old. Most tumors were located in the rectum and nearly one-third of CRC patients had lymph node metastases. Only 18.23% (31/170) of these patients were in stage 0-I. The main pathological type was adenocarcinoma, accounting for more than 80% of 170 CRC patients.
Positive rates of TMs
The associations between positive rates of TMs with clinicopathological characteristics are also summarized in Table 1 . The data of characteristics which were defined as unknown were excluded from the analysis. There were no correlations between positive rates of TMs and sex (male, female), age (≥60, <60 years old), tumor location (colon, rectum) and pathological types (highly, intermediately and poorly differentiated adenocarcinoma, mucinous adenocarcinoma, others) (P > 0.05).
The positive rate of TMs was statistically higher in those with positive lymph nodes (positive vs. negative, P < 0.05) [ Table 1 ]. There were significant differences of the positive rates of TMs among different clinical stages (contingency table chi-square test, P = 0.000) [ Table 1 ]. On further analysis, other than the statistically significant differences in the positive rates of stage I vs stage IV (P=0.000) and stage II vs stage IV (P=0.004), the differences in positive rates among all the other stages were statistically not significant (P > 0.05/6).
The positive rate of each TM in the C12 system is listed in Table 2 . Only a few TMs were positive in CRC. The five most common TMs for CRC detection were CEA (36.47%), CA242 (20.00%), CA19-9 (18.82%), CA125 (8.82%) and Fr-PSA (4.12%). The combination of these five TMs is shown in Table 3 .
Compared with CEA, the most sensitive TM in this system, any combination of TMs could not significantly increase the positive rates (P > 0.05 for all comparisons with CEA). Combination of four markers (CEA + CA242 + CA125 + Fr-PSA or CEA + CA19-9 + CA125 + Fr-PSA) was as good as 12 markers in terms of diagnosis.
These results were confirmed by the Spearman correlation analysis, which showed that CEA, CA19-9 and CA242, the three most frequent TMs of this study, were positively correlated with correlation coefficients (R) of 0.666 (P = 0.000) for CEA vs. CA242, 0.553 (P = 0.000) for CEA vs. CA19-9, and 0.844 (P = 0.000) for C242 vs. CA19-9.
The associations of highest single and combined TMs' positive rates with different clinical stages are illustrated in Figure 1 . The positive rates in each group were significantly associated with the clinical stage of CRC (P = 0.000). On further analysis, the differences between stage 0-I and stage IV in each group were statistically significant (P=0.000). In addition, the differences between stage 0-I and stage III, stage 0-I and stage III were statistically significant in CEA, CEA+CA242, and CEA+CA19-9 group. But in CEA+Fr-PSA group, only stage 0-I and stage II achieved statistically significant (P=0.005). The differences in four or five TMs' combination group were the same with 12 TMs combination.
Association of TMs levels with positive lymph nodes
The ROC curves analysis of TMs levels by lymph node status is shown in Figure 2 . Other than Fr-PSA, ferritin and CA153, the serum levels of other TMs showed a tendency to increase in patients with lymph node metastasis (the area under ROC curves [AUC]>0.5), but only CA242 (AUC = 0.601, 95% confidence interval [95%CI] = 0.501-0.704, P = 0.047) and β-HCG (AUC = 0.628, 95%CI = 0.530-0.727, P = 0.012) achieved statistical significance. Higher levels of these two markers meant greater probabilities of lymph node metastasis. Therefore, in patients with confirmed CRC, CA242 and β-HCG levels could predict lymph node metastasis better than any other markers in this C12 system.
Discussion
The biochip diagnostic system C12 developed in China [6] is a relatively successful system in screening and detecting cancers. [7] [8] [9] [10] [11] Recently, there have been reports on using C12 system for the diagnosis of CRC cancers, as summarized in Table 4 . The overall positive rates ranged from 48.1-79.9%, higher than 41.76% in our series of 170 patients with welldefined CRC. But our study achieved a positive rate of 69.44% in stage IV CRC, similar to other reports in overall positive rates. However, except for this study, none of the other studies correlated C12 results with clinicopathological stages of the patients, making it impossible to assess the value of C12 in diagnosing tumors at various stages. Moreover, the positive rate in early-stage cancer was not high, as indicated in the original development report, this C12 system did not work well in screening and diagnosing early-stage CRC. [6] In order to evaluate whether the combination of key TMs could enhance the positive rate, we tested the combination of two, three, four, or five TMs against a single marker, CEA, which proved to be the most sensitive marker in this diagnosis system. Any of the combinations did not significantly enhance the positive rate compared with CEA alone.
The limited value of C12 system for early diagnosis of CRC might due to two reasons. First, the sensitivity and specificity of TMs remain limited, and there was almost no single marker which is sensitive and specific enough to perform an accurate diagnosis, [4] especially in CRC. [5] In this study, the three highest positive TMs were CEA, C242 and CA19-9, but their positive rates, especially in the early stage, were not high. Even for CEA, which was the only marker widely accepted to be of positive value in CRC, [4] [5] the positive rate was only 36.47%, and less than 7% in early stage. Therefore, a better use of CEA could be in prognosis and monitoring. [4] [5] 12] Discovering new CRC TMs, especially those related with early CRC detection was one of the strategies to solve this problem. Fortunately, with the development of technology, [13] especially the proteomics techniques, [14] some progress has already been made recently. [15] [16] Second, the TMs selected in this C12 system were not the optimal combination for CRC. Only several related TMs of CRC in this system, and moreover, the Spearman correlation analysis indicated that the three highest positive TMs (CEA, CA242, CA19-9) were positively correlated with each other, and their combinations could not improve the positive rates, as shown by Carpelan-Holmstrom et al. [17] In other words, these markers are redundant but not complementary. Therefore, optimizing the combination of TMs, especially with new markers which could provide additional information, was another possible strategy for improving the positive rate for early CRC, and several promising combinations are summarized in Table 4 . [17] [18] [19] [20] The ROC analysis is now widely recognized as the best approach for measuring the quality of diagnostic information and diagnostic decisions. [21] In this study, this method was used to evaluate the serum TMs' levels between patients by lymph node status. We found that CA242 and β-HCG were associated with lymph node metastasis, whereas the other 10 TMs showed no such relationships, even for CEA and CA19-9, which are in agreement with Mroczko's report. [22] Therefore, CA242 could be used in the future chip development to indicate the lymph node status.
In conclusion, this is the first systematic evaluation on the value of C12 biochip diagnostic system for CRC, and the findings suggest that this system has some value in the diagnosis of advanced CRC, but not in early CRC. Discovering new TMs and optimizing the combination of TMs might help improve the diagnosis.
